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ESTIMATION OF THE MOISTURE TURNOVER IN

TUE VICINITY OF MOSCOW

8¢ Ie Nebol'sin

Observations for 25 years at tho Schekino agromateerologisal
sbation led to tho setting up of e schome for the losal molsture dis=
tribution in the Moscow areas The agrometeorological station at
Sobakine is found 30 kilemeters southwast of Moscow in a fairly flat
looation, About Qo percont of the total area of the vielnity of the nwi&umigshal
avaTion te unasr @ 9eresty i gelly e Ltiiy e namely, podaslic claye,
Metoorologioal cbservations bogen im 1915 Kor working-up purposes
oboorvetions frem 1915-19L1 were btsken. In addition tho field station
for more than ton yoars oarried out obsorvations at on additional sta=-
tion in tho looality for the purpose of studying the run-off looated
within a kilometor from the field station, Tho reglon of the run-off
wos found within %00 meters of the border of the large solid mass of
forost in an ares of o fow thousand heotares, The scheme of wator
turnover was oaloulatod from the formulag

procipibtution < condensation = ovaporation «=run-off < filtration.

Observations on precipitation were carried out both at the main
field base and at the run=off area,

j The results showed that the total quantity of precipitation in
the warm time of the year (April-Ovtober) was %8l millimeters. The
moen results obtained over 10 years by parallel observations at the main
fiesld station and at tho run=off area gave satisfactory agreement: at
the former, 378 millimeters; at the latter, 38L millimeters. Thus
agrooment 1s pretty goods We take as the precipitation the round figure
of %80 millimetors.

Mossuremsnt of the snow precipltation gave different results. fThe
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figld sbation for the winter months (Novenber=March) found 89 milli=
meters, the rum=off where the rain 5%; (protected and guarded with
niokel=iron) stood near the border == 178 millimetora.

In order to determine which of these megnitudes was more eoocur=
ate a supplementary study was carried out in the perk of the agromo=
teorological ctation on a large glade of oval form (the large"tdmanaion
A&he-bransverse—one was sbout B0 meters and tho Wl‘%ne about 50 me=
tora) surrounded by high (20~25 meters) troas of varlous apecles (green=
woods ond conifers), Therefore, even in the most powerful wind thore
were observed in the glade no drifts or drifting soow at all, In the
timos of onowstorms it was poassible to 8ee how snowflakes spinning on
high, on reaching the level of the orests of tho troes, fell quietly
and tranquilly to earth. Tho snow fell in on even layer, on the whole
glade, In the midst of this glode in the winter of 1927-28 thero wau
sot up o rain e;%e with & nickel iren fence of tho usual helght of 2
metera, above the earth. Parsllel measurements from Decsmber-March
zave U3 millimeters in the field and T9 millimeters in the park. Thus
the raln g,%’«ls in the park gave 18l percent of the snow procipitation
measured by & rain g‘EuéJe in the field. Assuming the figure measured in
the park as the real gquentity of precipitated snow which fell we cbtuln
from the above computation for the cold season normal amount of winter
preoipitation, the figure of 165 millimeters.

The suow gz:t:,e survey gives also a close value for the winter pre=
oipitation, The average of & sories of annual anow-ga%)c surveys on ‘the
sxperimental field geve at the end of March a value of sbout 116 milli-
moters (varying betwsen the limits of 102-188 millimoters)., The evap=
orntion ab the surface of the snow sccording to Wild oame to 5O EE.

millimeters, up to the present time. The sum of these magnitudes
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(116 +59= 175 nillimeters) gives a value elose to the above=mentioned
quantity of winter precipitation measured by the rein g%?e. When we
round of { these figuroa we obtain a8 the normel amount of winter pro=
cipitetion 170 nillimeters, and as the total precipitation we obtain
580+ 170= 550 millimetoers.

In eddition to presipitation inceming forms of water distribu=
$ion are manifosted directly by condensation of water vapor ia the
form of surfuce or subsurface dew. If it is difficult to ocsloulate
the amount of winter precipitation that falls, it is still more aiffi-
oulk to caloulate the amount of molsture condenaing directly.

Let us firet analyze the ceso of condensation on aoll snd planta.
As ig woll known, the Lempersturs of tho surface of the soil and planta
differs from the temparature of the surrounding alre. On aunuy days
they are highor as & result of the oun's rodistion; on & cloar night
thoy are lower 8s & result of emission, When the night-time relative
humidity of tho sir reaches the dow polnt abt the tomperature of the goll
gurfuce or of the plants, dew forms on them., Yet the temperatures
of the soil and of various plants are different as a rosult of the
different emission in dependence on color, tho cheracter of the sur=
feoe, the heat ospacities and the orientations Therofore, the amount
of dew on them will aleco ba different, To enleulabe the total amount
of dew by ‘the usual gravimetric mathed is not possible. The best of
thess methods == the hygroscoplo plates of Lolok == also i3 inadesquata.
painted in varlous colors == brown, green, yollow =- they glive various
amounts of procipitated dews A more objective method ig Pound in the
oaloulation of ‘the decreass of spooific humidity of the air in the
surface layer during the night hours, as shown by us in a speolal way.(1)

Lot us analyzo the final resulte. The recurronse of dew which
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we had was very greet, The ordinary meteorological observations,es=
poolelly by the old inetruchlons,did net yield the bobal dow forumed
and dried up between tho hours of 2l and 7 or between the hours of 1
and 7o The partition "drososcope" of Karlozapolis (1) which recorded
ml1 the roin gave materislly great ropeblbion. Parallel obsarvations
by wo for the two years 1959 and 1940 gave by the drosodcope 167 per=
cant of the usually visually recorded dew. Tha mean quantity of dow
by rioual observailons ovar 25 years from April to Wovember was 86
The actual figure with corrections must bo 146, By the observa=
tlons of the Lolek dew meagurament ab night o asa 3. Yell millinobors
of dow was formed, In all for swmser about 20 millimeters wors formod.
This valuo in my oplnion iz oxaggorntod.

Lot us turn to soll dow, Tho chrago of goil moisture over
the course of & swwnor day == lowered in the afternoon hours and in=
crengad in the night hours «= ig sn irrofubable fach. But as to
whethor it procoeds at the expense of condensation as A F. Lebedev
figures or ot the expense of Lho sbsorption phonomenon,as Ps I+ Kolo=
skov meintuins, is o debateble point, We propose that when the molsture
in the soil is less hygroscopie both processes are possible and whon
the molisture is more highly hygroscopic then the condensation process
must operates Absorption would contradict the whole idea of meximum
hygroscopleity. No matter how that would be, still the esmount of ‘the
supply of moisture in the soil in eddition to precipitation is not open
to doubt. To determine the amount of condensation socurately is pos-
sible only by observation of soll molsture at every layers We rogard
with suspieion the usuel method of celoulating scil dew by welghing
in the evening snd in the morning o glass full of soil placed in a

dopression in the earth. Unfortunately the determination of soil
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noisture by the drilling mathed ig very aiffieult and @ systematie in=
vesbigation BY it is not possibles With ntudant';;ﬁemfwl oarried oub
systematic chservetions on goil moisture in & palf-meter leyoer over
the course of @& dey and @ half during every two hours with & Gefold
Lfrequaoncys They reveal od that &% night moisture enly pane‘arated the
gurface of & 10~centimeter leyer and did not sink daepors The slze
of the supply iluamll ond in the swmmer monthse porcepbﬁ.‘ale amownts
are nod fcmgd.:gth“‘ Ll e Ghae PR RTEL A .
1t 48 not thus in the winter. Every winter after the grownd
freozes the gupplies of noisture in it grow all the tima. dince it ise
not posaible for molisture from prouiptbn‘bion ( enow, froot) to penetrate,
then the amount of it mey change only due to condonsatione Duping the
remeistening, gbaorption is sonrcoly possibles Sixeyoor observation
on winber oorn and erops gove as an overago in November & supply of
water in the helf=metor layex of 166 millimeters, and in Merch of
216 millimoters. The difference of 50 millimeters; the absolute amount
of molsture for soms renson hag not beon caloulateds If the difference
in the supply if goken betwesn the firet 10 days of November and the
108t 10 deys of Moroh, then it {a even greater == 77 nillimetera. But
this value is less relisble due to the posnibiliw of penotruetion inte
the soil of the 1iguid proeipita’ce at the stert and end of winters
More relinble is the emount taken for the lost 10 days of November to
the second 1O days of March, inclusively == L2 millimeters.
Atmospherioc precipitetion in the summelr 380 millimeters
Atmospheric precipﬂa‘aian in the winter 170 millimeters
Dew 20 millimeters

Winter condensobtion L2 millimetexrs

612 millimeters
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Let us turn to the caloulated part of the balences eveporation,
ruw=off, filtratien,

Eveporation wes observed with surfece water, ice, snow, and with
soil, both bare and covered with vegetation, Syetematic observation was
carried out the whole 25 years only on eveporated water and snow by the
Wild apparatus, The observations on the Wild epparatus wore censured
wlthout cause, It is wndoubbtedly necessary te vindicate them overy=-
where. Bosiocally it is best to use them in a uniform epparatus and
conditions of the same type under which they work with grest simpli-
olty and oconvenience of observation. Tho apperatuses are found at
0ll stetions at ono condition of height, ventilation, and are proteoted
from the sun. A small mase of water in tho oup guersnteod repld per=
coption of the temperature of tho surrounding eir. The eternally per=
ploxing question comes in for this == at which temperoture whould the
caleulation of the molsture deficit be made == water or air tempera=
ture, Careful maintenance of the appuratus == lubrication of the hears-
ing parts, finoness of the prism, maintenance of the urosine water fill=-
ing always carefully watched =-- guurantees uniformity and accuracy of
roesults, Undoubtedly, of course, it is true that the displaysd Wild
apparatue does not glve the actual amount of veporization in the reser=
voirs, But the work of the Yershovski Resorvolr showed the constaney
of the rewetting coefficlents, and according to Pozdnishev it ocomes to
8l percent.(3)

Our comparison of the given Wild epparatus with the given soil
evaporator at definite conditions also gave stable rewetting coeffiw
clents,

According to Wild, evaporation with surface waters during Aprile

October came to 57L millimeters, with surfece snow during November=March

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150007-8

ey




Declassified in Part - Saniti
f i anmzed Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R!
» ; ‘ ‘ . . = - 000100150007-8

59 millimeters, with surface ice about 20 percent 1g88 than with sneW.
Apperently the roughness ef ghe surface and the perosity of the snow
are determinings

1t 48 considerebly more aifficult to determine aveporation with
surfece 6oil, both with bare ond with vegetabicn-covered soil.

Obhservation on evaporation with soil was nob carried out sys=
tomotieally by ue sinee the veporization of different gystems wad in=-
veotigateds pikachev, Popov, Pikechev with @ nunidified system, and
porent. There wes caloulated also the evaporation for @ ohenge in the
resorve of water in tho #soil and & dropping prucipitntien. In the
gpecisl form selocted by ue for the conditione of oporation of this
spparatus, We nere only indicote that for olimutologiosnl purpeses the
ohservations of the Popov apparatus dlone may bo useds ALl tho others
aro exolusivoly for speciol asrumeteorologioal purposes.

The Popo¥ oveporator with 2=3 time repetition givos en aocuraoy
of the order of 5 percents Eveporation in the lysimetrio position of
the apparatus ig less than in the evaporomotric ona, 1t is8 nocessary
Lo take the averegd of the results in both positions. A Check shovn
in the observation of the change of the water reserve in the soil gives
complotely agreeing rosultse

Unfortunately the Popov apperatus operoted only o few yeors
ond gave the pollowing omounts of evaporationt

1935 sed, June —October 320 millimeters

19357 fallow field, June=September 227 millimeters

19%7 onts, June=September 27 millimeters (after
hervest of oats, oropt)
19%8 fallow field, June=August 108 millimeters
1939 fallow field, JunesAugust 68 millimeters
-
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The fellowing emownts of vaperization (in millimeters) give
o more continuous observetion om the moisture of the soil and the pre=

eipitation in the fields

SUPPLY OF WATER IN A HALF-METER LAYER OF SOIL
Deosde III Decade III Difference Precipitation Evaporation

April September May=September
Fallow 1% 15% 3 310
Rye 17 131 L6 507 555
Oats 166 126 4o 347

In the given quontities the vaporization did not enter in April
(from tho descont of anow £111 the first determination of soil molsture)
and in Ootober; therefors, for them it is necessary to make an addition,
Evaporation for the rewettod soll ae shown by our observations doparted
11ttle from the evaporation of water in the Wild epparatus. Snow on
tho average stood at 10 for April; for two decndes of April thore evep=
orated, aocording to Wild, about 40 millimeters and in October about
55 millimieters, To the sum of these quantities (75 millimeters) there
follows the addition of ‘the abovesmentioned smounts of evaperation,
i,0,, evaporation with fallow, and winker corn comes to 385 millimeters,
with o field of rye and after plowing to 26 millimeters, with an oab
field and with winter cora to 122 millimeters.

Evaporation in tho sod gives & special observation

on the soil moisture conducted at the meteorologloal station. Since
in the years 1975-1941 at the begloning of springtime, after the way
the snow stood and the oracks on drilling did not overflow with water,
tosts of molsture wore oarried out at the meteorologloal station with
Bufold frequency repetitions In Late Autumn when the westher wes freez-

ing, ‘tests were carried out smews The reglon of the meteorclogicsl
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ghation 18 level, and without drainegee The surface of the soil ie
well sodded; sinee 1919 it has not been worked ups

The ebservations gave the smount of gvaporstion with sod 68 &
moen of %66 nillimeters (varying from %05 to kO millimoters)e

Observations on the run=off were sarried out over & courge of
10 years on the special reglone

In brief the following prineipel sonelusions are drewns The
principal runecf proceeds in the spring due to the thav waters Sune
mor run=off 18 omell, The amount of run=off 1g governad by the olope
and character of the surface soil (sod, plowed lend, orop 1ond). The
run-off of thaw water with weote 1end ot & elope of 2% thousondthe
cumo to Ll millimotors; with plowed land, 60 millimetors, Tho summor
run=off with waste lond oomo to 7 millimeters; vith plewed lend, %5
millimeterss In qnnual results tho run=ofl wes 51 millimeters for
wagte lond ond 95 millimeters for plowed (orop) jonde The run=off in
the woodland wod not observeds

The last form of weter alsoherge 1g filbration. The fundementol
1ysimetric obgorvations were made by the gockion of soil golence under
the direction of Profossors gemerling ond Kochinsky. In various yoars
threo statlons have worked with lysimetrie apparetus, without disturb=
inp the goil structure under verious soll sclonce=genatic countours.
Unforbunaboly £hese observatlons thug fer heve not boen mado public and
1t 18 noscessery to be limibted only o our porsonsl impressiont. Ml=
prakion in tho summer was vory Lnsi.gnifioanh and was observed only in
the upper contourss 1o the spring it wes nuch Lerger and all the lys=-
{motors worked to a depth of 2 moterss Our obsuorvations on filbration
wikh the ald of the lysimeter evaporutor of Popov und Dorant 8180 showad

oxtronely low #4lbpation in the summer just after very heavy rains.

3
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For the determinatien of pilbration of thaw water we attempted
4o prooasd bY an indirect method, We meagured ab A flat place on &
plowed field the supply of wator in 8 metar layer for o debermined
wetnass of tho soll during & eno¥ fell end some weels afber. Adding
the mnount of precipitabion &t 4hic time end caleulabing the evapora=
tion wo must get as the renidus the filtration through the meter layer.

The run=off we caloulate &% & lavel place is negligibles Obaer-
vations in 1940 gave the follewingi

The supply of water in @& moter layer of seil:

Initial 19/1vY 38l millimeters (Fete s :/’-7,»fo' ’
Pinal  30/V 32l; millimotors B
Precipitation for 19-50/1V
Discharged %8 millimetors
Eveporatlon 2% millimotors
36),=32), +38 =25 = 75 millimotors
Filtpation 48 75 millimeters.
Analogous oaleulation for 1940 goves
Filbration for 19/IV to 29/1V 1 millimebor
Filbration for 19/1V to 9/V 1 millimetor
As we see, tho results agroed.
The renge of celoulated quentities ls wvery large and the average

of them is soarcely relisble. But we had no other data.

We come o a discharge balance (in millimotexrs):

VAPORIZATION

Run~0ff Winter Sumner Filtrablion Total

Sod 57 59 366 531 513
pallow £ield 95 59 385 537 572
Rye 95 59 L30 331 617
oS 95 59  Leo 53 607

Decl e . _ .. )
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,It 48 undeubbedly nocessary to add the god filtration since
run=of f is emall with it and obviowsly due to the amount of filtra=
tion. We celoulabe it ag greater by the amount of deoroase of run=
of f with god, 1404,y by 95=57 = %8 millimeters, Then the filtration
of thaw wetor in god will be 35450 = 71 millimeterd. The tobal

aischarge wibh sod is 5951 millimobors.

Wo oomo to a balemoce (in millimetora)s

Fallow Rye Oats Sed

Charge
Preoipitation 550 550 550 550
Dow 20(7) 20(7) 20(7) 20(1)
Winbor Condensatlon L2 L2 L2 L2(?)
Total g b2 612 612
Discharge
Veporiration L, Le9 L7 L2%
Runeoff 95 95 95 57
Filtration %3 33 % T1
Total 572 617 607 555

Ag we seo the belance for rye and oat fields agreod well; for
rallow and sod they disagread primarily by 10 psrcont deorease of dis=
charge as compared £o oharges More likely are ghifts in tho deter-
mined filtration (diminished in the fallow field) and in the dew

(additive)s
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